[Abstract] Maize is an important model organism for understanding cell patterning and development.
Arabidopsis thaliana, TBO has been used on transverse sections of stems to identify xylem and phloem via differences in relative abundance of lignin in the secondary cell wall (Pradhan Mitra and Loqué, 2014; Verhertbruggen et al., 2017) .
In Zea mays (maize), TBO has been used to understand the development, organization, shape and orientation of cell divisions (Smith et al., 1996; Gallagher and Smith, 1999; Cartwright et al., 2009; Wright et al., 2009; Frank et al., 2003; Rosa et al., 2017) . TBO has been used to characterize defects in maize cell division and development such as found in discordia1 (dcd1) and dcd2 mutants with abnormal asymmetric subsidiary cell divisions (Gallagher and Smith, 1999) or symmetric and asymmetric division defects in tangled1 mutants (Smith et al., 1996; Martinez et al., 2017) . Developmental defects in maize leaves have been studied using TBO on mutant plants (Moose and Sisco, 1994; Chuck et al., 2011) such as crinkly4 (cr4), a receptor-like kinase (Jin et al., 2000) and the adaxialized leaves of the semidominant Rolled leaf1-O mutant (Nelson et al., 2002; Juarez et al., 2004) . TBO was used to analyze Copyright defective kernel1 (dek1) mutants in kernel cross-sections for analysis of the maize embryo (Becraft et al., 2002) . Cell wall composition of maize leaf epidermis in corn rootworm beetles1 (crw1) mutant plants was revealed to be different from wild-type using TBO (Venkata et al., 2013) . A recent study on the narrow odd dwarf 1 (nod1) mutant used TBO to show delays in the juvenile to adult leaf transition and defects in stomatal cell organization (Rosa et al., 2017 11. Remove 0.1% pectolyase solution from the 2 ml tube containing the sections.
12. Add 1 ml distilled water and invert the tube for 1 min to wash sections.
13. Remove excess water by decanting and repeat wash step 3-5 times.
14. Add 1 ml of distilled water to an empty tube containing the washed sections. These sections can be stored for at least two weeks at 4 °C in 1 ml of distilled water.
B. Peeling the epidermal cell layer away from the leaf tissue section 1. Add 200 µl distilled water to a weigh boat.
2. Place a leaf section into the distilled water as shown in Figure 1C .
3. Starting from a corner of the leaf tissue section, use a dull scalpel and fine forceps to gently lift up either adaxial or abaxial epidermal cell layers as shown in Figure 1D and Video 1. We typically use the abaxial epidermal cell layer due to its simple patterning and lack of brightly purple or dark blue staining bulliform cells. 6. Place the peel into a 100 µl drop of TBO staining solution in a weigh boat.
7. Incubate at room temperature for 10-15 min.
8. Take the peel out of the drop of TBO and place it into a fresh 100 µl drop of distilled water for 5-30 min to destain as shown in Figure 1E and Video 1.
9. Mount the peel in a 50 µl drop of distilled water on a frosted glass slide and cover with a coverslip as shown in Figure 1F. 10. Make sure sample lays flat and all air bubbles have been evacuated from the sample.
11. Use a Kimwipe to remove excess water. The coverslip can be sealed with nail-polish for longer examination of TBO stained material, but strong staining doesn't last for more than a day or two. 
Data analysis
TBO is a cationic, dye that changes color as it interacts with different cellular components. Nucleic acids appear blue-purple, polyphenolic substances appear green-blue and carboxylated polysaccharides appear pink-purple after TBO staining (Yeung, 1998) . Maize nuclei appear bluepurple (Figure 2A) , mature epidermal cells appear light blue (Figure 2A) , cell walls appear greenblue (Figure 2A) , subsidiary cells appear pink-violet (Figure 2A 8. The adaxial epidermis is more difficult to peel and tears more easily. Do not be discouraged, as even small peels contain many cells.
9. If the epidermis does not readily peel away from the leaf (green tissue comes up with the epidermis) the pectolyase digestion is incomplete ( Figure 3A ). Allow the sample to incubate longer in 0.1% pectolyase solution (~30 min increments). 
